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280a Monday, February 4, 2013functional homotetrameric channels that can be activated in a cooperative man-
ner by cAMP or cGMP binding to the cyclic nucleotide-binding domains
(CNBD) included in each subunit. Our aim was to kinetically further dissect
the molecular mechanism leading to channel activation upon ligand binding
and to channel deactivation upon ligand removal.
CNGA2 channels, expressed in Xenopus oocytes, were studied in excised
patches by measuring simultaneously ligand binding/unbinding and activa-
tion/deactivation by means of confocal patch-clamp fluorometry under
steady-state and non-steady state conditions (182 or 277 frames per second).
Concentration jumps of a fluorescent cGMP derivative (Biskup et al., Nature,
446(7134): 440-3, 2007) were applied using a fast piezoelectric system. Sur-
prisingly, the unbinding was concentration dependent while deactivation was
concentration independent. The unbinding was approximately 100 times faster
from fully liganded channels in comparison with the unbinding from lowly li-
ganded channels. The obtained data were analyzed by global fits to various
types of Markovian state models. The additional information of unbinding
and deactivation allowed us to refine the previously determined C4L-Model
(Biskup et al., Nature, 446(7134): 440-3, 2007). To account for the very fast
unbinding at saturating ligand concentrations, the C4L-Model had to be ex-
panded: When fully liganded, the channel adopts an open state which allows,
upon ligand removal, a very fast unbinding of all four ligands. In contrast,
from partially liganded states this fast unbinding is occluded. Our results sug-
gest an additional pathway for rapid ligand unbinding for the fully liganded
channel.
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Hyperpolarization-activated cyclic nucleotide-modulated (HCN) ion channels
are voltage-gated tetrameric cation channels that generate pacemaker activity
in neurons and cardiomyocytes. Activation of these channels can be enhanced
by the binding of adenosine-3’,5’-cyclic monophosphate (cAMP) to an intra-
cellular cyclic-nucleotide binding domain in each of the four subunits. Based
on previously determined rate constants for a complex Markovian model de-
scribing the gating of homotetrameric HCN2 channels (Kusch et al., Nat.
Chem. Biol. 8, 162-9, 2012), we analyzed probability fluxes within this model,
including unidirectional probability fluxes. Following the rules of the transition
path theory, we analyzed the transition paths in our model for channel activa-
tion, following a jump to a defined ligand concentration from zero, and for
channel deactivation, following a jump from the ligand concentration back to
zero. Three ligand concentrations were considered. The time-dependent prob-
ability fluxes quantify the contributions of all 13 transitions of the model to
channel activation. The binding of the first, third and fourth ligand evoked ro-
bust channel opening whereas the binding of the second ligand obstructed chan-
nel opening similar to the empty channel. Our analysis of the net probability
fluxes revealed pronounced hysteresis for channel activation and deactivation.
These results provide insight into the complex cooperative interaction of the
four subunits equal by sequence, leading to pronounced differences in the sub-
unit function.
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Canine day-blindness, a model for human achromatopsia, is associated with
loss of cone function due either to the deletion or a missense Asp (D) 262 to
Asn (N) mutation in CNGB3. Asp 262 resides in an acidic motif in the S2 trans-
membrane helix conserved in all CNG channel subunits and members of the
Shaker Kþ superfamily. Tetrameric cyclic nucleotide-gated (CNG) channels
are formed from CNGA3 and CNGB3 subunits and transduce light information
in cone photoreceptor outer segments. In canine day-blindness, the CNGB3-
D262N mutation leads to loss of cone function between 4 and ~10 weeks
suggesting progressive physiological changes. We investigated the missense
mutation using the human CNGB3, previously used in gene therapy to restore
cone function in young dogs (HumMol Genet 2010 19: 2581). Canine CNGA3
was co-expressed with hCNGB3; the most significant functional difference be-
tween homomeric and heteromeric currents was an ~10 fold increase in PCa/
PNa in heteromeric channels. Co-expression of cCNGA3 with hCNGB3-
D262N (canine numbering) result in the absence of functional heteromericchannels with evidence of some homomeric CNGA3 channels. We suggest
that alterations in calcium homeostasis associated with the missense mutation
in CNGB3 contribute to the loss of cone function. We generated mutations in
the Asp residues in CNGA3 channels. We investigated substitutions in the three
Asp residues in S2 and all mutations examined resulted in the loss of channel
function underscoring the essential role for these residues in channel function.
Studies in voltage-gated channels show electrostatic interactions between the
acidic residues in S2 and residues in S3 and S4 transmembrane domains. Our
future experiments will explore the role of these acidic residues in intra-
subunit helical interactions using mutagenesis and molecular modeling.
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Cone cyclic nucleotide-gated (CNG) channels are heteromeric, composed of
CNGA3 and CNGB3 subunits. Inherited canine day blindness is similar to hu-
man achromatopsia and results in loss of cone function. Affected dogs have in-
herited deletion (-/-) or missense (m/m) Asp262Asn mutations in the CNGB3
gene. Cone ERG studies from m/m dogs show early, progressive loss of cone
function with complete loss by ~6-weeks. Immunohistochemical analysis of
m/m and -/- retinal tissues using an anti-CNGA3 antibody show outer segment
expression until ~6 weeks; no immunoreactivity is observed at 1 year. A poly-
clonal antibody was generated against the C-terminus of canine CNGB3 to
investigate expression in the m/m dogs. Immunohistochemistry on 6-week,
8-week and one-year old m/m retinas showed no expression of CNGB3. Immu-
noblots of retinal homogenates from m/m and -/- mutant dogs showed no reac-
tivity although the antibody recognizes the mutant protein as demonstrated with
heterologously-expressed human B3-D262N (canine numbering). Previous
qRT-PCR studies examined expression of both CNGA3 and CNGB3 mRNA.
Levels of CNGA3 were similar for unaffected, m/m and -/- retinas; CNGB3
mRNA levels were similar for unaffected and m/m dogs but, as expected, levels
in -/- retinas were non-detectable. The affected m/m and -/- dogs provide
models for inherited human channelopathies including achromatopsia with
the potential for direct retinal examination of affected dogs during development
and following gene therapy. Results with m/m dogs show that the CNGB3 sub-
units are degraded; importantly, both the m/m and -/- dogs loose expression of
CNGA3 in outer segments. This surprising result implies that an intact CNGB3
is a requirement for CNGA3 expression, a result not predicted or replicated in
heterologous expression of CNGA3 channels.
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Background: There has been increasing evidence that complex interactions
among the various components of intracardiac neural network play an impor-
tant role in atrial fibrillation (AF). Perfusion of vasoactive intestine polypeptide
(VIP), a neural polypeptide, co-released with acetylcholine from intrinsic car-
diac neurons during vagal stimulation, was shown to shorten the action poten-
tial duration (APD), decrease the intraatrial conduction velocity (CV), and
promote induction of AF. However, the effect of endogenous VIP remains un-
clear. Methods: In 6 isolated arterially perfused canine left atria, high-
resolution optical mapping techniques with di-4-ANEPPS and blebbistatin
were used to measure APD and CV during fat-pad ganglion plexus stimulation
(GPS, 30Hz, 10.252.3Volt validated with blockage of atrioventricular conduc-
tion), at during H9935, a VIP antagonist (1 mM) perfusion. The atria were paced
at 200beats per minute. Metoprolol (1.8mM) was used to block the sympathetic
effects. Results: Average APD was shorter (21%) during GPS compared to the
baseline (10058ms vs. 12657ms, p<0.05), and average CV was slower than
baseline (87510cm/sec vs. 103513cm/sec, p<0.05), which recovered within
2 min (APD: 12858ms, p<0.05; CV: 105513cm/sec, p<0.05). With H9335,
the APD shortening effect (17%) of GPS persisted (GPS, 105514ms, vs.
12758ms at baseline and 125510ms after recovery, p<0.05) with a trend to-
wards being less pronounced as compared to GPS effect without H9335
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was abolished by H9335 (97514cm/sec, vs. 103515cm/sec at baseline and
101516cm/sec after recovery, p=0.23). The effects of endogenous VIP were
eliminated by atropine during GPS, indicating VIP release from intrinsic car-
diac neurons may be mediated by muscarinic recpetors. Conclusion: Neuro-
nally released VIP could contribute vagal effects and is primarily responsible
for CV slowing during GPS. Neuronal release of VIP is likely mediated by
muscarinic receptors in the intrinsic cardiac neurons.
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Cardiac myocytes exhibit a fast recovering transient outward potassium current
(Ito,f) that is conducted by the channel proteins Kv4 þ KChIP2. Heart failure
(HF) is associated with a reduction of outward Kþ-currents and a downregula-
tion of KChIP2. In this study, we investigated the electrophysiological role of
KChIP2 in mice with HF.
HF induced by transverse aortic constriction was defined as an ejection fraction
below 50% evaluated by ultrasound. Action potentials were recorded by float-
ing micro electrodes from the left ventricle in ex vivo perfused hearts. Whole-
cell currents were recorded from disaggregated left ventricular cardiomyocytes.
We found an equal reduction in the ejection fractions of wild-type (WT) and
KChIP2-/- mouse hearts by transverse aortic constriction. Left ventricular ac-
tion potential durations were prolonged by 32% in KChIP2-/- vs. WT at 90%
repolarization (APD90) during 200 ms pacing intervals (P<0.05). Peak K
þ-cur-
rent density was 18% lower in KChIP2-/- vs. WT (P<0.05). Induction of HF
reduced peak Kþ-current density by 38% in KChIP2-/- and by 24% in WT
(P<0.05 for both). Kþ-current recovery from inactivation was delayed in
KChIP2-/- vs. WT, and further delayed by HF in KChIP2-/- but remained un-
changed in WT.
In conclusion, HF reduced Kþ-currents in WT, but did not abolish the KChIP2-
dependent fast recovering current component. KChIP2-/- mice lack the fast
recovering Kþ-current (Ito,f) leading to prolonged left ventricular action poten-
tials. HF in KChIP2-/- mice induced a further loss of Kþ-currents and an addi-
tional delay of recovery from inactivation, suggesting a reduction of non-Ito,f
Kþ-currents contributing to the electrophysiological changes in mouse HF.
1444-Pos Board B336
Low and High pH Gating of Connexin43 Channels
Carolina D. Garciarena1, Ningning Zhuang2, Akif Malik1,
Kenneth W. Spitzer2, Pawel Swietach1, Alonso Moreno2,
Richard D. Vaughan-Jones1.
1Burdon Sanderson Cardiac Science Centre. Department of Physiology,
Anatomy and Genetics. University of Oxford, Oxford, United Kingdom,
2Nora Eccles Harrison Cardiovascular Research and Training Institute.
University of Utah, Salt Lake City, UT, USA.
Intracellular pH (pHi) regulation in myocardial tissue is crucial to preserving
cardiac function. Hþ-ions can flow passively at high rates through connexin
gap-junctions to neighbouring cells, helping to maintain pHi-uniformity in mul-
ticellular tissue. In ventricular myocytes, this form of spatial Hþ-dissipation is
regulated by pHi at the junction.
We have studied the response of connexin43, the main ventricular junctional
channel-isoform, to high and low pHi. Transjunctional conductance (Gj) was
measured by double whole-cell voltage clamp in HeLa or N2A cell-pairs trans-
fected with connexin43. pHi was manipulated with 80mM acetate or 20mM tri-
methylamine in the superfusate. Acid (<6.7) and alkaline (~7.5) pHi reversibly
reduced (<5min) cell-to-cell Gj by 3554% and 5653% respectively (n=4-5),
relative to the values at resting pHi (~7.0). Acute electrical uncoupling at high
and low pHi occurred with no change in single channel conductance (2mM
halothane; 1225pS, n=250), suggesting a channel-gating mechanism. Cells
expressing a truncated C-terminus mutant of connexin43, showed no conduc-
tance response to pHi-changes.
Using a different approach, we measured apparent junctional Hþ-permeability
(PH
app) through connexin43. One cell of a pair was acid-loaded by photolyti-
cally uncaging Hþ from an intracellular donor compound (nitrobenzaldehyde),
while pHi was confocally imaged in both cells (SNARF-1). Cell-to-cell H
þ-dif-
fusion was inhibited by b-glycerrhetinic acid (connexin-blocker, 60mM) and
was negligible in wild type cell-pairs. In HCO3
-free buffer, presetting pHi
to 6.6 or 7.3, reduced PH
app by 8156% and 76514%, respectively (n=5-19).PH
app returned to initial values when pHi was allowed to recover. The presence
of 5%CO2/22mMHCO3
 in the perfusate doubled PH
app.
In conclusion, connexin43 gap-junctions exhibit reversible block at both acid
and alkaline pHi, possibly by a gating mechanism involving the cytoplasmic
C-terminal tail. This suggests a key role for connexin43-channels in coordinat-
ing cell-to-cell electrical coupling and spatial pHi regulation during metabolic
stress.
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Diabetes is associated with a relatively high prevalence of sudden cardiac death
but the underlying mechanism is not well understood. In experimental diabetes,
cardiac expression of connexin43 is reduced. Downregulation of connexin43 is
linked to a slowing of cardiac conduction which increases the risk of cardiac
arrhythmias and thereby sudden cardiac death. It is known that hyperglycemia
causes downregulation of connexin43 but it is unknown to which extend this
occurs in whole hearts. Here, we test the hypothesis that acute hyperglycemia
leads to slowing of cardiac conduction through downregulation of connexin43
in whole hearts.
We measured ventricular conduction velocity in Langendorff perfused guinea
pig hearts using a multi-electrode array under normo- and hyperglycemic con-
ditions (5.5 and 30mM glucose respectively) for up to 4 hrs. In addition, one
group of hearts was perfused with a mannitol solution as a control for changes
in osmolarity. Expression of connexin43 was quantified by western blotting. In
the control group, longitudinal conduction velocity remained stable over 4 hrs
(63 cm/s) while transverse conduction decreased slightly (from 27 to 25 cm/s).
Similar results were obtained from both the hyperglycemia and mannitol
groups suggesting that conduction was unaffected by changes in glucose con-
centration and osmolarity. Accordingly, no differences were observed in the
protein levels of connexin43 between the groups supporting the functional
results.
In conclusion, acute exposure to hyperglycemia does not appear to have any
significant effects on cardiac conduction and does not modulate the expression
of connexin43 in guinea pig hearts.
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b-adrenergic stimulation of cardiomyocytes induces vital upregulation of both
chronotropy (heart rate) and ionotropy (contractility). Progressive attenuation
of this regulation constitutes critical pathogenic and therapeutic dimensions of
heart failure (Gene Ther19:686). Yet, key features of this pathway and its
dysfunction in disease remain unclear. Highly valuable would be a long-
term cultured myocyte system that emulates the strong-to-weak progression
of b-adrenergic responsiveness between normal and diseased states, while per-
mitting ready manipulation and measurement of underlying molecular events.
Here, we used improved culture protocols to produce functional monolayers
of adult guinea-pig ventricular myocytes (aGPVMs) that can be maintained
for several weeks. At baseline, these monolayers support propagated electrical
activity and exhibit monophasic restitution of action-potential duration and
conduction velocity. Intriguingly, b-adrenergic stimulation (0.5 mM isoproter-
enol, iso) upregulates chronotropy without change in inotropy (a, Ca2þ tran-
sients), indicating selective regression of adrenergic signaling. By contrast,
after several-day electrical stimulation of cultures, b-adrenergic stimulation
not only augments chronotropy, but robustly enhances inotropy (b). Thus
we have generated a cultured myocyte sys-
tem whose b-adrenergic responsiveness
can be easily manipulated, offering a valu-
able platform for clarifying long elusive
features of adrenergic signaling and its
plasticity in disease.1447-Pos Board B339
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We have demonstrated that a nitric oxide production induced by stimulation of
progesterone (P4) receptor suppresses cAMP-stimulated L-type Ca
2þ currents
(ICa,L) through an increase in cytosolic cGMP, which may be related to the
